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DESCRIPTION 
HYBRID VEHICLE AND CONTROL METHOD THEREOF 



TECHNICAL FIELD 



This invention relates to a parallel hybrid vehicle comprising an engine and 
a motor generator as a drive source of the vehicle. 

BACKGROUND ART 

JP2002-138876A, published by the Japan Patent OflTice in 2002, discloses 
a parallel hybrid vehicle comprising an engine and a motor generator as a drive 
source. In this conventional example, a map for setting an output apportionment 
ratio of the motor generator and engine ki accordance with the SOC of a storage 
device is stored in a controller. The controller refers to the map to determine the 
output apportionment ratio in accordance with the SOC of the storage device, and 
controls the output of the motor generator and the output of the engine on the 
basis of the determined apportionment ratio and an accelerator depression 
amount. 

DISCLOSURE OF THE INVENTION 

In this type of hybrid system, when the vehicle is stationaiy and the gear 
position of the transmission is neutral, engine idling stop control may be performed. 
However, if an engine idling stop is performed without taking the state of charge 
(SOC) of the storage device into accoiant, opportunities for charging the storage 
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device may be lost, and if the state of charge of the storage device decreases, it may 
be difficult to start the vehicle using only the output of the motor generator. 
Further, the maximum output of the motor generator is large at low rotation speeds 
and decreases as the rotation speed increases, and it is therefore desirable that the 
output of the motor generator be used to the fullest extent when starting the 
vehicle. 

It is therefore an object of this invention to execute an idling stop 
appropriately, taking into consideration the state of charge of a storage device, and 
to enable maximal use of the output of a motor generator during restarting. 

This invention provides a hybrid vehicle comprising an engine, a 
transmission which changes the speed of the rotation of an input shaft and 
transmits this rotation to an output shaft, a motor generator, a power transmission 
mechanism which connects a rotary shaft of the motor generator and the input 
shaft of the transmission, a storage device which is connected to the motor 
generator, and a controller. The controller sets an engine torque at a point on an 
engine torque high efficiency line at the current engine rotation speed as a target 
engine torque, calculates the current engine torque from the current engine 
rotation speed and current accelerator depression amount, and when the gear 
position of the transmission is neutral, the vehicle is stationary, and the storage 
device requires charging, sets the difference between the target engine torque and 
the current engine torque as a target power generation torque of the motor 
generator, and controls the motor generator such that the power generation torque 
of the motor generator matches the target power generation torque. 

An embodiment of this invention and advant^es of this invention will be 
described in detail below with reference to the attached drawings. 
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BRIEF DESCRIPTION OF THE DRAWINGS 



FIG. 1 is a block diagram of a parallel hybrid vehicle according to this 
invention. 

FIG. 2 is a table defining the relationship between a state of chaige of a 
storage device, and an output apportionment ratio between an engine and a motor 
generator. 

FIG. 3 is a flowchart showing the content of control executed by a main 
controller. 

FIG. 4 is a flowchart showing the content of control executed by the main 
^ controller in a power generation mode. 

FIG. 5 is a map showing the relationship of a specific fuel consiomption to 
an engine rotation speed and an engine torque. 

FIG. 6A is a map defining the relationship of a rack position (fuel injection 
amount) to the engine rotation speed and an accelerator depression amount. 

FIG. 6B is a map defining the relationship of the engine torque to the rack 
position (fuel injection amount) and the engine rotation speed. 

FIG, 7 is a table defining the relationship between a taiget power generation 
torque and a transitional time period. 

FIG. 8 is a time chart showing the manner in which the target power 
generation torque changes. 

FIG. 9 is a view illustrating the content of the control executed in the power 
generation mode. 



BEST MODE FOR CARRYING OUT THE INVENTION 



Referring to FIG. 1 of the drawings, a hybrid vehicle comprises an engine 1 
and a motor generator 2* serving as a drive source, and a step transmission 2 
employing a planetary gear. A friction clutch 3 is interposed between the engine 1 
and transmission 2. The engine 1 is a diesel engine or a CNG engine using 
high-pressure natural gas as a fuel. A rotaiy shaft 4a of the motor generator 4 is 
connected to an input shaft 2a of the transmission 2 via a power transmission 
mechanism 5. 

A speed change controller 6 which controls the gear position of the 
transmission 2 is provided in the transmission 2. The speed change controller 6 is 
connected to a select lever 7 and a main controller 10. When a driver manipiilates 
the select lever 7, the speed change controller 6 controls the gear position of the 
transmission 2 to realize the gear position selected by the select lever 7. 

The clutch 3 is engaged and disengaged by a clutch actuator 8. The clutch 
actuator 8 engages or disengages the clutch 3 in accordance with a request from 
the main controller 10, thereby determining whether or not a driving force is 
transmitted from the engine 1 to the transmission 2 and power transmission 
mechanism 5. An engine controller 15 controls a fuel injection amount (fuel 
supply amount) of the engine 1. The rotation speed of the engine 1 is detected by 
an engine rotation speed sensor 16. The engirie controller 15 controls the fuel 
injection amoxint of the engine 1 in accordance with a detection signal from the 
engine rotation speed sensor 16 and a request from the main controller 10. 

A brake actuator 21 which applies a braking force to the wheels is 
controlled by a brake controller 20 on the basis of information from the main 
controller 10 (a regenerative braking force of the motor generator 4) and the 
depression amoimt of a brake pedal 22 (a requested braking force) to compensate 
for the part of the requested braking force that cannot be provided fuUy by the 
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regenerative braking force. The depression amoiont of the brake pedal 22 is 
detected by a brake sensor 23. 

The motor generator 4 employs a permanent m^net synchronous motor 
(IPM synchronous motor) due to its high efficiency, small size, and light weight. 
The motor generator 4 is connected to a storage device 9 via an inverter 1 1 . The 
storage device 9 employs an electric double layer capacitor having a high output 
density for regenerating braking energy with high efficiency, no waste, and in a 
short time period. 

The inverter 11 controls the motor generator 4 to an electric operation 
mode or a power generation mode in accordance with a request from the main 
controller 10. In the electric operation mode, the motor generator 4 is driven by 
converting the charged energy (direct current power) of the storage device 9 into 
altemating ciorrent power. In the power generation mode, on the other hand, the 
storage device 9 is charged by converting the generated energy of the motor 
generator 4 (altemating current power) into direct current power. 

The power transmission mechanism 5 is constituted by a drive gear 5a 
connected to the rotary shaft 4a of the motor generator 4, a driven gear 5b 
connected to the input shaft 2a of the transmission 2, and an idler gear 5c which 
meshes with the drive gear 5a and driven gear 5b. The rotation of the rotary shaft 
4a of the motor generator 4 is reduced in speed by the power transmission 
mechanism 5 and transmitted to the input shaft 2a of the transmission 2. 
Conversely, the rotation of the input shaft 2a of the transmission 2 is increased in 
speed by the power transmission mechanism 5 and transmitted to the rotary shaft 
4a of the motor generator 4. 

Detection signals from an accelerator depression amount sensor 13 which 
detects the depression amount (requested driving force) of an accelerator pedal 12, 
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a clutch sensor 14 which detects the engagement and disengagement of the clutch 
3, a gear position sensor 17 which detects the gear position of the transmission 2, a 
vehicle speed sensor 18 which detects the output side rotation speed of the 
transmission 2 (i.e. an output rotation speed sensor which detects the output 
rotation speed of the transmission 2), and a rotation speed sensor 19 which detects 
the rotation speed of the drive gear 5a, which is connected to the rotary shaft 4a of 
the motor generator 4, as the input side rotation speed of the transmission 2 (i.e. 
an input rotation speed sensor which detects the input rotation speed of the 
transmission 2), are input into the main controller 10. 

The main controller 10 controls the clutch actuator 8 and the inverter 1 1 of 
the motor generator 4 on the basis of these detection signals, as well as various 
information (information obtained from the engine controller 15, brake controller 
20, speed change controller 6, and inverter 1 1) including the state of chaise (SOC) 
of the storage device 9. The main controller 10 also outputs requests to the engine 
controller 15 and brake controller 20, and commands (speed change commands) to 
the speed change controller 6. 

FIG. 2 is an output apportionment map which is stored in the main 
controller 10 and defines the relationship between the SOC of the storage device 9 
and the apportionment mtio between the output of the motor generator 4 and the 
output of the engine 1 . 

The main controller 10 refers to the output apportionment map to 
determine the output apportionment ratio corresponding to the SOC of the storage 
device 9, and controls the output of the motor generator 4 and the output of the 
engine 1 on the basis of the apportionment ratio and the requested driving force 
(accelerator depression amount). In other words, the main controller 10 controls 
the inverter 1 1 such that the motor generator 4 generates its apportioned output. 



and outputs a request (a fuel supply amount corresponding to the apportioned 
output of the engine 1) to the engine controller 15 to have the engine 1 generate its 
apportioned output. 

When the output apportionment ratio of the motor generator 4 is one (and 
the output apportionment ratio of the engine 1 is zero), the inverter 1 1 is controlled 
with the clutch 3 in a state of disengagement such that an output corresponding to 
the accelerator depression amount is obtained only from the motor generator 4. 

When the output apportionment ratio of the motor generator 4 is less than 
one (and the output apportionment ratio of the engine 1 is greater than zero), the 
inverter 1 1 is controlled with the clutch 3 in a state of engagement such that the 
apportioned output of the motor generator 4 decreases steadily as the SOC of the 
stors^e device 9 decreases, and a request is output to the engine controller 15 to 
increase the apportioned output of the engine 1 . 

When the output apportionment ratio of the engine 1 is one (and the output 
apportionment mtio of the motor generator is zero), a request is output to the 
engine controller 15 requesting that an output corresponding to the accelerator 
depression amount be obtained only from the engine 1. 

The main controller 10 cooperates with the brake controller 20 such that 
whenever the stomge device 9 can be charged, the inverter 1 1 is controlled with the 
clutch 3 in a state of disengagement to obtain a regenerative braking force 
corresponding to the brake depression amoimt (brake pedal depression amount) 
from the motor generator 4, thereby charging the storage device 9. Further, when 
the requested braking force corresponding to the brake depression amoimt cannot 
be provided fully by the regenerative braking force of the motor generator 4, a 
request is output to the brake controller 20 to compensate for this part of the 
braking force with a braking force generated by the brake actuator 21. Moreover, 
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when it is determined, on the basis of the SOC of the storage device 9, that 
charging is required and there is leeway in the output of the engine 1 with the 
clutch 3 in a state of engagement, the inverter 1 1 is controlled to chaise the storage 
device 9 using the power generation of the motor generator 4. 

FIG. 3 is a flowchart illustrating the content of the control executed by the 
main controller 10 when the vehicle is stationary, which is executed repeatedly in 
the main controller 10. 

In a step SI, the detection signal from the gear position sensor 17 is read to 
determine whether or not the gear position is neutral. In a step S2, the detection 
signal fix^m the vehicle speed sensor 18 is read to determine whether or not the 
vehicle has stopped (whether or not the vehicle speed is zero or extremely low). 

' When the determination of the step SI is affirmative and the determination 
of the step S2 is affirmative, the process advances to a step S3. On the other hand, 
when at least one of the determinations in the step SI and the step S2 is negative, 
the process is terminated. 

In the step S3, a determination is made on the basis of the SOC of the 
storage device 9 as to whether or not the storage device 9 needs to be charged 
(whether or not the SOC is smaller than a predetermined value SOCth). When the 
determination of the step S3 is affirmative, the process advances to the power 
generation mode of a step S4. On the other hand, when the determination of the 
step S3 is negative, the process advances to an idling stop mode (control to halt 
operations of the engine 1) of a step S5. 

FIG. 4 is a flowchart illustrating the content of the processing performed in 
the step S4, and accordingly the content of the control that is executed in the 
power generation mode. Maps shown in FIGs. 5-7 are stored in the main 
controller 10. 



- 9 - 

In a step S41, the detection signal from the engine rotation speed sensor 16 
and the detection signal from the accelerator depression amount sensor 13 are 
read. In a step S42, on the basis of the map shown in FIG. 5, an engine torque at 
a point on an engine torque high efiBciency line at the cxarrent engine rotation speed 
is set as a target engine torque. 

In a step S43, a rack position (fuel injection amount) is determined from the 
engine rotation speed and accelerator depression amount by referring to the map 
shown in FIG. 6A. Further, the current engine torque (at the point in time when 
the engine rotation speed and accelerator depression amoiont are read in the step 
S41) is determined from the mck position and engine rotation speed by referring to 
the map shown in FIG. 6B, and a value obtained by subtracting the current engine 
torque from the target engine torque is set as a target power generation torque of 
the motor generator 4. 

In a step S44, a transitional time period corresponding to the target power 
generation torque is set by referring to the map shown in FIG. 7. 

In a step S45, the power generation torque of the motor generator 4 is 
raised gradually to the target power generation torque over the transitional time 
period set in the step S44, Once the transitional time period has elapsed and the 
power generation torque has reached the target power generation torque, a 
command is issued to the inverter 1 1 to maintain the target power generation 
torque for as long as the conditions of the power generation mode remain 
established, or in other words until at least one of the determinations in the steps 
SI -S3 becomes negative. It should be noted that once the target power generation 
torque has been set, the steps S41-S44 are not executed lontil at least one of the 
determinations in the steps S1-S3 becomes negative. 

By means of the constitution described above, when the vehicle is 
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stationaiy (when the gear position of the transmission 2 is neutral and the vehicle 
speed is zero or extremely low) and the SOC of the storage device 9 is small, 
therefore requiring charging, an idling stop is not executed, and instead the power 
generation torque of the motor generator 4 is controlled to the target power 
generation torque. The storage device 9 is chained by the power generation of the 
motor generator 4, and hence the state of charge of the storage device 9 increases, 
enabling an increase in the mornber of opportunities for starting the vehicle using 
only the output of the motor generator 4 when the vehicle is restarted. The engine 
1 is controlled such that the fuel injection amount is increased in accordance with 
the load (power generation torque) from the motor generator 4, and such that the 
engine torque is raised while maintaining, the engine rotation speed at a constant 
leveL The tai^et engine torque is set such that the operating point of the engine 1 
is on the engine torque high eflBciency line, and therefore favorable fuel economy 
and exhaust performance can also be secured. 

FIG. 9 is a view illustrating the content of the control executed in the power 
generation mode. The power generation torque of the motor generator 4 is 
controlled to a tai^et motor torque, which is a value obtained by subtracting an 
engine no-load torque (the torque required to rotate the engine itself) from the tai^et 
engine torque. 

The power generation torque of the motor generator 4 is not raised 
momentarily in a single step to the target power generation torque, as shown by the 
dotted line in FIG. 8, but instead is raised gradually over the predetermined 
transitional time period, as shown by the solid line in FIG. 8. As a result, the load 
of the engine 1 (the power generation torque) varies gentiy so that disturbances in 
the engine rotation speed are avoided, and hence power generation can be 
performed with stability and without worsening the exhaust performance. 
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On the other hand, when the vehicle is stationary and the state of charge of 
the storage device 9 is high such that charging of the storage device 9 is not needed, 
an idling stop is executed to halt operations of the engine 1, and therefore a 
reduction in fuel consiomption produced by the engine idling stop can be obtained. 
Since the SOC of the storage device 9 is sufficient, the vehicle can be started using 
the output of the motor generator 4 alone when restarting the vehicle, and hence 
there is no reduction in the number of opportunities for starting the vehicle using 
the output of the motor generator 4 alone. 

It should be noted that in the embodiment described above, the control 
system is constituted by a plurality of controllers, but the number of controllers 
may be increased or decreased, and the control system may be constituted by a 
single controller. 

INDUSTRIAL APPUCABIUTY 

This invention may be applied to a parallel hybrid vehicle comprising an 
engine and a motor generator as a drive source, and is useful for improving starting 
performance, fuel economy, and exhaust performance. 



